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Abstract Background/purpose: Color-changeable chewing gum is used for the evaluation of
masticatory performance. However, it is currently unclear whether colorimetric and visual
assessment methods yield consistent results. This study aimed to clarify the consistency be-
tween colorimetric and visual methods used for the evaluation of color changes in color-
changeable chewing gum.
Materials and methods: The sample comprised 644 older persons (mean age, 75.4  6.4 years).
The chewing gum was masticated 60 times at the participant’s own chewing rate and then
expectorated. The color of the chewing gum was evaluated with the DE values and a* values,
measured using a colorimeter, and the 10 Color Shades (10CSh) and 5 Color Scales (5CSc), using
visual evaluation. Spearman’s correlation analysis was performed to examine the correlation
between the results obtained by the four methods. The significance level was set at a Z 0.05.
Results: The DE values, a) values, 10CSh scores, and 5CSc scores were all significantly corre-
lated. The highest correlation coefficient (0.979) was between the DE values and a) values.
The lowest correlation coefficient (0.847) was between the a) values and 5CSc scores.
Decreased masticatory performance was observed with increased age.
Conclusion: Significant correlations were found for all four methods used in the assessment of
masticatory performance with color-changeable chewing gum. While visually based assess-
ments are valid, colorimetric methods are more sensitive to smaller changes in masticatory
performance.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction
Decreasedmasticatory performance (MP) reportedly leads to
compromised nutritional status and general-health wors-
ening in older persons.1,2 Therefore, it is important to regu-
larly evaluate MP for the maintenance of general health.
MP has been evaluated using masticatory samples such
as peanuts,3 raw rice,4 silicone,5 paraffin wax,6 chewing
gum (CG),7,8 and gummy jelly.9 Among these, color-
changeable CG has been widely used in research because
it is simple to use to differentiate the levels of MP.1,7,8,10e17
Color-changeable CG can be used to evaluate MP based
on color change after brief mastication. Masticating the CG
raises its pH due to the buffering action of saliva and results
in outflow of blue and yellow dye and citric acid contained
in the CG. Consequently, the color of the chewing-gum
gradually changes from yellowish-green to red.10 This color
change has been evaluated using the DE and a) values
measured on a colorimeter and via the “10 Color Shades”
(10CSh) or “5 Color Scales” (5CSc) using visual evaluation.10
The DE and a) values are determined using the Inter-
national Commission on Illumination L)a)b) (CIELAB) color
space model, which expresses color as the L) (lightness),
a) (red/green opponent colors), and b) (yellow/blue
opponent colors) axes.10,18 The “redness” of the CG is
evaluated by measuring only the a) value. To determine
the DE, the difference between two colors in each CIELAB
axis is determined and the values are substituted into the
following equation: EZffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðL)  72:3Þ2 þ ða) þ 14:9Þ2 þ ðb)  33:0Þ2
q
, where 72.3,
14.9, and 33.0, indicate the pre-test values for L), a),
and b), respectively.11,13 The 10CSh and 5CSc are methods
for visually judging colors considered close to the 10 or 5
color samples, respectively (Figs. 1 and 2).8,13e15 However,
the relationships between the two colorimetric and two
visual evaluation methods remain unclear.
We aimed to clarify the relationships between theDE, a),
10CSh, and 5CSc values through the evaluation of MP with
color-changeable CG in community-dwelling older in-
dividuals. A correlation between the colorimetric and visual
evaluation results would support the use of visual evaluation,
which does not require a dedicated device as a valid measure
for assessing color change in color-changeable CG.Thiswould
broaden the applicability of color-changeable CG for the
screening of MP by non-specialist clinicians and patients.
The two-color wax, which can evaluate MP similar to a
color-changeable CG, has already been compared with
digital image processing versus visual assessment,19 and a
significant correlation was found between them; the digital
assessment was able to judge MP more accurately. We ex-
pected a significant correlation among the four evaluation
methods but hypothesized that a more accurate judgment
would be possible using a colorimeter.
Materials and methods
Participants
The participants were adults aged 65 years (at the end of
March 2019), living in Kusatsu town, Gunma Prefecture.
Participants were mailed an invitation to participate in a
comprehensive health examination at a public-health cen-
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ter. All participants provided written informed consent.20
The only exclusion criterion was refusal of the MP evalua-
tion using color-changeable CG; all other individuals were
evaluated for masticatory performance. The study was
approved by the Ethics Committee of the Tokyo Metropol-
itan Institute of Gerontology (Approval No. 3 in 2008, No.
zin 15 in 2018) and complied with the requirements of the
Declaration of Helsinki and the Strengthening the Reporting
of Observational Studies in Epidemiology statement guide-
lines.21 Participants who routinely used removable dentures
underwent the intra-oral examination while wearing their
dentures to ensure optimum MP.
Evaluation methods
MP was evaluated using a piece of color-changeable CG
(Masticatory Performance Evaluating Gum XYLITOL, Lotte
Co., Ltd., Tokyo, Japan). Participants were instructed to
masticate the CG 60 times at their own chewing rate.10,11
After mastication, the CG was expectorated into a clear
plastic bag and pressed to a thickness of 1.5 mm. The CG
color after mastication was evaluated by the four evalu-
ation methods in random order. All four evaluation
methods were completed within an average of 3 min. Four
dentists used standardized criteria to evaluate the CG
color change. Each dentist was previously trained in
the use of one assigned assessment method and only
conducted evaluations using this specific method. None
of the evaluators had visual impairments, e.g., color
blindness.
Colorimeter measurement
The CG color after mastication was evaluated using a
colorimeter (CR-20 Color Reader, KONICA MINOLTA, Tokyo,
Japan; Fig. 3),11e13 pressed on the surface of the gum at
five random locations. The DE and a) values were
measured at each location, and their mean value was
calculated.10
Visual evaluation
The CG color after mastication was evaluated with the
10CSh,13e15 consisting of 10 colors (see Fig. 1, scores 1e10),
and the 5CSc,8 consisting of five colors (see Fig. 2, scores
1e5). The evaluator selected one color each from the
10CSh and 5CSc that were closest to the color of the CG
after mastication. Each color score increased as it
approached red. When visually judging a CG where there
Figure 1 The 10 Color Shades.
Figure 2 The 5 Color Scales.
Figure 3 Colorimeter.
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was a mix of multiple colors, the color of the area consid-
ered the largest was evaluated.
Other recorded variables
Participant characteristics related to MP were also
evaluated and included the number of present,17 artifi-
cial,17 and functional teeth22; and the use of removable
dentures.17 The number of artificial teeth referred to
those present in the removable dentures, if they were
worn. The number of functional teeth referred to the
sum of the number of present teeth, artificial teeth,
pontics, and superstructures of implant prostheses.
Stump teeth or teeth that were not in occlusion due to
significant mobility were not included in the number of
present teeth. Additionally, dry mouth was evaluated
using an oral moisture checker (Mucus, Life Co., Ltd.,
Saitama, Japan)23 and a self-administered questionnaire
containing the question: “Do you often experience dry
mouth?”24 All factors were evaluated by six dentists who
were trained in the use of the standardized assessment
criteria.
Statistical analysis
The statistical analysis was performed in four stages. First,
the ShapiroeWilk test was conducted to confirm the
normality of the DE values, a) values, 10CSh scores, and
5CSc scores. The P-values were 0.300, 0.423, <0.001, and
<0.001, respectively. As the 10CSh and 5CSc scores were
non-normally distributed, non-parametric tests were used
for comparisons. The histograms for each of the four eval-
uation methods are shown in Fig. 4. Second, sex differences
in the outcome measures were examined with the
ManneWhitney U and chi-squared tests. Third, the ten-
dency for age-related differences in the evaluation results
was examined using the JonckheereeTerpstra test, fol-
lowed by Bonferroni correction. Since Bonferroni correction
impacts the significance level, only the results pertaining to
the color-changeable CG were subjected to the
JonckheereeTerpstra test. Finally, correlations between
the DE values, a) values, 10CSh scores, and 5CSc scores
were examined by Spearman’s correlation analyses. The
sample size for the correlation analysis (i.e., the main
analysis) was calculated using G) power (3.1.9.2).25 To
achieve an effect size of 0.3, a error of 0.05, and power (1-
b error probability) of 0.95 for a two-sided test, the
Figure 4 Histograms for each of the four evaluation methods. a. Distribution of DE values, b. Distribution of a* values, c. Dis-
tribution of 10CSh scores, d. Distribution of 5CSc scores. Based on the ShapiroeWilk test results, the DE values and a* values showed
a normal distribution, but the 10CSh and 5CSc scores did not. 5CSc: 5 Color Scales,10CSh: 10 Color Shades.
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required sample size was 134. Analyses were performed
using SPSS version 24 (IBM Corp., Armonk, NY, USA). The
significance level was set at 0.05.
Results
Of the 2478 older persons who received the invitation, 769
visited the public-health center and participated in the
health examination. Among them, 125 participants refused
to undergo the MP evaluation using color-changeable CG and
were excluded. Thus, 644 (377 women; mean age, 75.4 6.4
years) individuals were included in the MP analysis.
The participant characteristics are shown in Table 1. The
DE values, a) values, 10CSh scores, and 5CSc scores used to
evaluate color change in the CG were significantly higher
among men. Altogether, 392 participants (61.0%) wore
removable dentures. The mean  standard deviations of
the number of present and functional teeth was 15.1  10.2
and 26.9  2.9, respectively. Regarding occlusal support,
the Eichner index was A in 177 (27.9%), B in 232 (36.6%), and
C in 225 (35.5%) participants. There was a sex difference in
subjective symptoms of dry mouth but not in the oral
moisture score.
The results of age-specific color changes and factors
related to MP are shown in Tables 2e4. When the results of
the four evaluation methods were examined for the whole
sample, the values were lower with increased age. Men did
not show decreased values with increased age in any of the
evaluation methods; for women, only the DE value was
lower with increased age. The number of present teeth
tended to be lower with increased age.
The correlations among the four evaluation methods are
shown in Tables 5e7. All four evaluation methods were
significantly correlated, both for the overall sample and
when analyzed by sex. For the overall sample, the highest
correlation coefficient (0.979) was between the DE and a)
values. The lowest correlation coefficient (0.847) was be-
tween the a) values and 5CSc scores. The box and whisker
plots of the DE and a) values and the 10CSh and 5CSc
scores are shown in Fig. 5.
Discussion
Regular MP evaluation is important, as impairment may
contribute to general-health deterioration.1,2 While the use
of a color-changeable CG is a simple and sensitive means of
evaluating MP,1,7,8,10e17 the relationships between the
methods used for its assessment remain unclear. Here, we
aimed to clarify the relationships between the DE values,
a) values, 10CSh scores, and 5CSc scores via MP assessment
with color-changeable CG in community-dwelling older
individuals.
In most participants, missing teeth had been replaced by
prostheses. While the difference in the number of func-
tional teeth in participants with, versus without, prostheses
was not large, the number of present teeth was low among
all participants.1,16,26,27 The color-change values for the CG
were higher for men as previously reported.1 Dry mouth
affected MP in older persons as assessed by color-
changeable CG.12 Additionally, epidemiologic studies have
shown that women have a higher prevalence of perceived
symptoms of dry mouth or xerostomia at all ages.28 Here,
the percentage of subjective symptoms of dry mouth was
higher in women, and this may have accounted for the
higher MP level in men. MP, along with several factors
related to MP, showed a tendency to decrease with age.
Table 1 Participant characteristics.
Overall Men Women P value
nZ 644 nZ 267 nZ 377
Median (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3)
Age (years) 75 (70, 80) 75 (70, 79) 76 (71, 80) 0.056*
DE value 41.8 (36.8, 47.2) 43.8 (38.7, 48.5) 41.0 (35.9, 46) <0.001*
a* value 18.1 (14.4, 22.3) 19.6 (15.7, 23.1) 17.5 (13.6, 21.5) <0.001*
10 Color Shades 7 (5, 8) 7 (6, 8) 6 (5, 8) <0.001*
5 Color Scales 3 (3, 4) 4 (3, 4) 3 (3, 4) <0.001*
Number of present teeth 18 (6, 25) 19 (6, 25) 17 (5, 24) 0.104*
Number of artificial teeth 6 (0, 22) 5 (0, 20) 7 (0, 22) 0.294*
Number of functional teeth 28 (27, 28) 28 (27, 28) 28 (27, 28) 0.112*
Oral moisture score 28.5 (26.8, 29.8) 28.5 (27.1, 29.8) 28.5 (26.7, 29.8) 0.680*
n (%) n (%) n (%) P value
Eichner index A 177 (27.9) 80 (30.5) 97 (26.1) 0.414**
B 232 (36.6) 95 (36.3) 137 (36.8)
C 225 (35.5) 87 (33.2) 138 (37.1)
Removable denture use Yes 392 (61.0) 158 (59.4) 234 (62.1) 0.494**
Subjective symptoms of dry mouth Yes 200 (31.1) 56 (21.0) 144 (38.2) <0.001**
Q1: First quartile, Q3: Third quartile.
*: ManneWhitney U test.
**: Chi-squared test.
The results of the four evaluation methods for chewing gum color change all showed significant differences between men and women.
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Similar results have been previously reported for older
persons.1,26
The color change in the CG used here is caused by long-
term chemical reactions10 continuing after the initial rapid
color change. Particularly, significant color changes occur
30min after mastication.29 Accordingly, color evaluation
must be performed within the first 30 min after the masti-
cation test. Here, the four evaluation methods were used in
random order, and all evaluations were completed within a
mean time of 3 min. Therefore, measurement bias due to
the sequence of assessment and color change over time was
minimal.
The DE values, a) values, 10CSh scores, and 5CSc scores
used for the color-change evaluation were significantly and
highly correlated. The 5CSc scores are significantly corre-
lated with the a) values,8 and the scores obtained from the
11 Color Shades (from which the 10CSh is derived) are
significantly correlated with the DE values.13 These findings
support the present results.
This was the first study to examine the relationships
between the four evaluation methods currently used to
assess color changes in color-changeable CG. Furthermore,
a high correlation coefficient (0.854) between the DE
values and the 5CSc scores was firstly reported. The results
here support the practicality of the 5CSc for MP assess-
ment. As this study included older persons who required
regular MP evaluation, we believe that our results have
practical utility in real-world clinical settings. A strength of
this study is that we accounted for the number of present
and functional teeth and the presence of dry mouth; such
reference data may inform the development of future
studies aiming to investigate MP with color-changeable CG.
Studies evaluating MP with color-changeable CG have
mainly been conducted among young adults with very few
missing teeth or older individuals with either very few
remaining teeth or edentulism.8,11,13,29,30 Our sample
comprised older persons who had a wider range in the
number of either natural or prosthetic teeth (Tables 1e4).
The finding of significant correlations between the DE
values, a) values, 10CSh scores, and 5CSc scores among
such a heterogeneous population highlights both the broad
applicability and validity of each assessment method.
Measuring the MP of the overall sample using the DE
values, a) values, 10CSh scores, and 5CSc scores clearly
showed that the older the individual, the lower the MP.
However, the median 5CSc score was four and three in the
65e69- and 70e74-year-old groups, respectively, and three
in the oldest age groups. Based on these results, the 10CSh
can be considered more suitable than the 5CSc when visu-
ally evaluating slight MP changes (e.g., physiological
changes over time due to aging). While the 5CSc is a less
sensitive MP measure, it may be more suitable in cases
where large changes are expected (e.g., before and after
treatment) or where screening is to be performed by non-
specialists or patients.
The reliability and validity of visual evaluation have
been reported.13 However, based on the results divided by
sex, there was no tendency for decreased MP with aging
when using visual evaluation. Therefore, when the purpose
is to evaluate MP accurately and in detail, it is considered
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Measurement of the DE and a) values requires a dedi-
cated and expensive color discriminator. Moreover, to
obtain the DE value, a numerical value must be derived
using the appropriate formula after measurement with the
colorimeter.11,13 As a very high correlation was found be-
tween the DE and a) values, it may be possible to evaluate
MP with the a) value, which is simpler than DE value
calculation. However, only the DE value could demonstrate
the tendency for decreased MP with aging in the analysis by
sex. Therefore, among the four evaluation methods, the DE
value is considered the most accurate.
This study had some limitations. The color-changeable
CG was evaluated by four dentists without color blindness.
While the evaluation of MP using color-changeable CG has
been reported to have high intra- and inter-examiner con-
sistency,8 the significant correlations between the four
evaluation methods may have been influenced by the
properly trained dentists carrying out the assessments using
standardized criteria. The results may have been different
if the evaluators lacked experience with the use of color-
imeters or had color blindness. Additionally, there was a
discrepancy between both the subjective and objective
Table 4 Values of the evaluation items for the different age groups among women.
Years 65e69 70e74 75e79 80e84 85 P value
nZ 71 nZ 88 nZ 119 nZ 67 nZ 32
Median (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3)
Age (years) 67 (67, 68) 72 (71, 74) 77 (76, 78) 82 (81, 83) 88 (87, 90) e
DE value 41.4 (35.4, 47.2) 43.2 (37.3, 48.6) 39.5 (35.1, 44.7) 40.4 (36.6, 45.0) 38.2 (34.0, 41.4) 0.006
a* value 17.6 (13.5, 22.2) 19.0 (14.6, 23.2) 16.8 (13.4, 20.2) 17.0 (14.5, 20.5) 16.6 (13.4, 18.3) 0.026
10 Color Shades 6 (5, 8) 7 (5, 8) 6 (5, 7) 6 (5, 7) 6 (5, 7) 0.068
5 Color Scales 3 (3, 4) 4 (3, 4) 3 (3, 4) 3 (3, 4) 3 (2, 4) 0.074
Number of present teeth 21 (19, 26) 22 (12, 26) 15 (4, 23) 6 (0, 22) 1 (0, 9) e
Number of artificial teeth 0, (0, 6) 3 (0, 14) 11 (0, 22) 20 (0, 28) 27 (19, 28) e
Number of functional teeth 27 (25, 28) 28 (26, 28) 28 (27, 28) 28 (27, 28) 28 (28, 28) e
Oral moisture score 28.6 (26.6, 29.8) 28.5 (26.9, 29.9) 28.3 (26.4, 29.7) 28.6 (27.2, 29.6) 28.2 (26.5, 29.7) e
n (%) n (%) n (%) n (%) n (%)
Subjective symptoms of dry
mouth
27 (38.0) 33 (37.5) 44 (37.0) 30 (44.8) 10 (31.3) e
Q1: First quartile, Q3: Third quartile.
JonckheereeTerpstra test; Bonferroni corrected P value, P< 0.0125.
When the results of the four evaluation methods for chewing gum color change were examined according to age and sex, the DE value
showed a tendency to decrease with aging in women.
Table 3 Values of the evaluation items for the different age groups among men.
Years 65e69 70e74 75e79 80e84 85 P value
nZ 66 nZ 67 nZ 70 nZ 44 nZ 20
Median (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3)
Age (years) 68 (66, 69) 72 (71, 73) 77 (76, 78) 82 (81, 83) 88 (85, 92) e
DE value 45.3 (40.5, 49.5) 45.3 (38.7, 49.1) 42.7 (37.1, 47.3) 43.8 (39.7, 48.1) 38.8 (34.1, 46.8) 0.033
a* value 20.3 (17.0, 23.6) 21.0 (15.9, 23.4) 18.5 (14.3, 22.1) 19.5 (16.4, 23.5) 16.1 (11.7, 22.6) 0.061
10 Color Shades 7 (6, 8) 7 (6, 8) 7 (6, 8) 7 (6, 8) 7 (4, 8) 0.097
5 Color Scales 4 (3, 4) 4 (3, 4) 3 (3, 4) 4 (3, 4) 3 (2, 4) 0.080
Number of present teeth 23 (12, 27) 21 (12, 25) 16 (2, 25) 13 (2, 25) 6 (0, 15) e
Number of artificial teeth 0 (0, 13) 2 (0, 13) 11 (0, 23) 14 (0, 26) 20 (2, 28) e
Number of functional teeth 28 (26, 28) 28 (26, 28) 28 (27, 28) 28 (27, 28) 28 (26, 28) e
Oral moisture score 28.6 (27.0, 29.7) 28.9 (27.2, 30.0) 28.4 (27.0, 29.7) 28.9 (27.9, 30.0) 26.4 (23.9, 29.5) e
n (%) n (%) n (%) n (%) n (%)
Subjective symptoms of dry
mouth
11 (16.7) 11 (16.4) 20 (28.6) 8 (18.2) 6 (30.0) e
Q1: First quartile, Q3: Third quartile.
JonckheereeTerpstra test; Bonferroni corrected P value, P< 0.0125.
When the results of the four evaluation methods for chewing gum color change were examined according to age and sex, there was no
age-related decrease in masticatory performance in men.
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evaluation of dry mouth between men and women; the
cause of this could not be clarified and should be examined
in future studies.
Our findings suggest that the four currently used mea-
sures for assessing color change in color-changeable CG
yield consistent results when used to evaluate MP in
community-dwelling older individuals. Nevertheless, as
current protocols for MP evaluation vary in terms of
mastication duration and number of chewing cycles per-
formed, future comparative studies are required to opti-
mize and standardize these parameters.













a* value 0.986 1.000
10 Color Shades 0.867 0.862 1.000
5 Color Scales 0.843 0.842 0.922 1.000
Spearman rank correlation test.
In the women-only correlation analysis, there were significant
correlations between all four evaluation methods.
P< 0.001 for all correlations.
Figure 5 Box-and-whisker plots of the DE values, a* values, 10CSh scores, and 5CSc scores. a. Boxplot of DE values and 10CSh
scores, b. Boxplot of DE values and 5CSc scores, c. Boxplot of a* values and 10CSh scores, d. Boxplot of a* values and 5CSc scores.
10CSh and 5CSc scores increased with increased DE values and a* values. 5CSc: 5 Color Scales, 10CSh: 10 Color Shades.
Table 5 Correlation analysis of the four evaluation












a* value 0.979 1.000
10 Color Shades 0.878 0.862 1.000
5 Color Scales 0.854 0.847 0.921 1.000
Spearman rank correlation test.
In the whole-sample analysis, there were significant correla-
tions between all four evaluation methods.
P< 0.001 for all correlations.













a* value 0.968 1.000
10 Color Shades 0.888 0.860 1.000
5 Color Scales 0.862 0.850 0.913 1.000
Spearman rank correlation test.
In the men-only correlation analysis, there were significant
correlations between all four evaluation methods.
P< 0.001 for all correlations.
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In conclusion, significant correlations were found be-
tween the DE values, a) values, 10CSh scores, and 5CSc
scores when used in the evaluation of MP using color-
changeable CG in older persons. The finding of significant
correlations between visual and colorimeter-based evalu-
ations suggests that visual evaluation methods, such as the
10CSh and 5CSc, are valid.
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